ABSTRACT
Introduction
Aquatic macrophytes are one of the essential ecological components in running waters. They contribute to the oxygen budget and to the autochthonous carbon pool (9) . Roots, stems and leaves of macrophytes provide structural elements in an otherwise unstructured water column, thus enhancing spatial diversity in the aquatic ecosystem. Submerged plants with small leaves and growing in dense stands, provide ample structure, whereas floating-leaved plants and pleustophytes provide little submerged surface, but support animals such as amphibians and water birds.
The Water Framework Directive (WFD) requires assessing ecological status of running rivers (3) . Its objective is to sustain and enhance aquatic environments within the European Community by achieving at least "good" ecological status for all water bodies by 2015, referring to a scale ranging from "high", "good", "moderate", "poor" to "bad". One of the essential elements of the Directive is that it demands the monitoring and assessment of surface waters using specific ecological quality elements, instead of primarily relying on physico-chemical parameters. Following the Directive, ecological quality of rivers should be based on three groups: macrophytes and phytobenthos, benthic invertebrate fauna and fish fauna. According to the WFD"s formulation, assessment of macrophytes should include "taxonomic composition and abundance", to be assessed in the context of undisturbed reference conditions. Aquatic macrophytes have been applied in several systems for river bioassessment in different European countries. Prevailing part of methods (Macrophyte Biological Index for Rivers -IBMR, Mean Trophic Rank -MTR, Trophic Index of Macrophytes -TIM) are focused mainly on detecting eutrophication (7, 8, 12) . Although active methods development in recent years, a uniform Pan-European macrophyte methodology for water assessment has still not been established. Thus Reference Index (11) was chosen to be applied and adapted in Bulgaria since classifies rivers by regional approach and reflects different kinds of ecological stresses, as well as river pollution. Reference Index (RI) methodology has been established to determine the river degradation in integrative way as required by the WFD (13) . The method is based on the occurrence and abundance of submerged species assigned to type specific species groups (A, B and C). The RI system has been generally applied in practice and implemented by governmental institution (e.g. Bavarian Water Management Agency). A study on comparative evaluation of RI and TIM resulted in the conclusion that RI indicates not only trophic status but every factor leading to a deviation of the actual macrophyte community from the reference community (4).
Current study aimed at implementation of the RI in Bulgaria and its adaptation as well. Firstly, the accuracy of the RI system in ecological assessment was evaluated; secondly the bioindicative capabilities of individual plant species was assessed; thirdly the original list was verified in relation to its applications in Bulgaria; and finally, a number of alternative species observed locally in Bulgaria were proposed which, after extensive studies, could be included in the future list of indicator species.
Materials and Methods
Aquatic vegetation was studied in the period JuneSeptember 2009 at 59 sampling sites in East Aegean Sea and 14 sites in Black Sea Basin Districts in Bulgaria, comprising various river types. All submerged, floating-leafed, helophyte and amphiphyte species (charophytes, bryophytes and vascular plants) were recorded at each site with length varying between 50 and 100 m including structural characteristics, shading and flow velocity, unusual features regarding colouration and odour of the water, and substratum conditions (11) . The nomenclature accepted in Grolle & Long The abundance of each species was noted according Kohler (10) and transformed into plant quantity. The taxa occurring at the sampling site are assigned to three type specific species groups, listed 197 taxa, including 8 charophytes and 67 bryophytes. Group A includes taxa which are character at reference conditions; group B contains tolerant taxa without preference towards particular conditions; group C incorporates taxa usually occurring at sites with deviation of reference conditions. Two criteria must be fulfilled in order to obtain reliable results: the total quantity of all submerged indicator species at a sampling site must add up to a minimum of 26 and the plant quantity of indicator species must exceed 75%. The RI is calculated according to the following formula: The RI values were transformed to match a unified scale from "0" to "1" following the equation:
where M MP = Module Macrophyte Assessment, RI FG = type specifically calculated Reference Index.
The value "1" reflects the best possible ecological status in terms of the WFD, i.e. high ecological status/potential (ecological status class 1). A value of "0" stands for poor ecological status/potential. The unreliable status class 5 which reflects the highest degree of degradation of a water system is designated in case of a proven macrophyte depopulation (e.g. due to mowing, clearing, high input of Ten environmental water variables were analyzed for each site. In situ were measured acidity (pH) and electrical conductivity (C in µS cm -1 ) of river water using a Multiline field meter (WTW 340i). Chemical analysis of river water was performed just after sampling on spectrophotometer NOVA 60 (MERCK) following adopted standards: ammonium nitrogen -ISO 7150/1, nitrite and nitrate nitrogen -EN 26777 and ISO 7890-1, total nitrogen -EN ISO 11905-1, phosphate phosphorus -EN ISO 6878, total phosphorus -EN ISO 6878, biochemical oxygen demand -EN 1899-1,2, and chemical oxygen demand -ISO 15705.
Data analyses using package Canoco ver. 4.5 were conducted (14) . Canonical ordination techniques (CCA) were used to study the relationship between physico-chemical variables and non indicative species registered (total number of occurrences 855). The data were transformed (x" = log (x+1)), automatically centered and standardized by the Canoco analysis program. Monte Carlo permutation tests (number of permutations 499) and forward selection were used within CCA to detect significant (p=0.05 probability threshold level) and independent environmental variables.
Results and Discussion
The occurrence and abundance of 95 aquatic plant species were recorded at 73 sites on 43 rivers. Commonest obligate aquatic species were Lemna minor (27% sites), Ceratophyllum demersum (21% sites), Myriophyllum spicatum and Potamogeton natans (18% sites), and Leptodictyum riparium (14% sites). The commonest helophyte species encountered were Sparganium erectum (41% sites), Paspalum paspaloides (33% sites), Mentha aquatica and Typha latifolia (27% and 25% sites). The majority of all species (62 taxa) were rarely found, occurring at fewer than 5% of sites surveyed.
The whole dataset of 95 plant species included among them 54 Reference Index species representing type specific groups. From another recorded 41 species were selected commonest 9 species as potential representatives of type specific groups for Bulgarian rivers: Alisma lanceolatum, Cyperus fuscus, Cyperus longus, Juncus effusus, Lythrum salicaria, Paspalum paspaloides, Persicaria mitis,
Ranunculus repens, Veronica beccabunga.
The biplot of most common 9 non indicative species and the forward selected 10 environmental variables is shown on Fig. 1 . The first axis explains 43.3 % of the species variation and is correlated with all selected variables. The second axes, explaining 63% of species variation is most strongly correlated with nitrate nitrogen. The sum of canonical eigenvalues of all environmental variables was 0.100. The influence of alkalinity was not significant after forward selection (P>0.1). Phospate phosphorus and total nitrogen were shown to be the parameters exerting greatest influence on macrophyte species occurrences, both correlated mainly with the first axes. Along the second axes were separated sites with increased values of all variables except pH, with occurrence mainly of Paspalum paspaloides, confirming species tolerance and suggesting that it should be included in group C for lowland types according RI. The rest of the species correlated with mean values of the above parameters (left side of the ordination plot) and could be included in group B for lowland river types. The assessment procedure included calculation of the "ecological quality ratio" (EQR) for each studied site based on transect monitoring data. The RI values, transformed values in unified EQR scale from "0" to "1" and the ecological status based on macrophyte assessment and related to the river type are presented at Table 1 . Three sites were dried out, at 12 sites macrophytes were not registered due to natural conditions such as inappropriate substrate and changes in water level. Rocks and immobile substrates were most closely associated with bryophytes. River straightening in regions with low or medium elevation above sea level resulted in diminished aquatic plant occurrence. At 6 additional sites RI did not meet the criteria for reliance. Almost the half remaining sites (48%) were in good and high ecological status. About 35% of the sites were in moderate and only 17% respectively in poor and bad еcological status/potential. Index limits for attribution of the ecological status class are adapted in relation to 15 river types in Bulgaria. Estimation of RI was also implemented and verified on dataset for additional 178 sites in the rest 2 Basin Districts towards ecological status evaluation (1).
Original RI includes 197 indicator taxa (190 species and 1 genus), 129 species of them listed in Bulgarian flora. On the basis of the research results an indicator list is proposed, containing 125 higher aquatic plant species from the original indicator list and 9 new indicators ( Table 2) . Eight charophyte species from the original RI methodology are proposed to be identified only to genus level since they belong to group A for all river types, as well as Chiloscyphus pallescens and Chiloscyphus polyanthus for the same reason. Mosses Palustriella decipiens and Plagiomnium undulatum are suggested to be excluded from the list because they are indicators only for specific German river type (i.e. rhithral running waters of the North German Lowland). The revision of Reference Index species, representing type specific groups and river types was performed and resulted in the proposed regrouping towards 3 main river types for Bulgaria ( Table 2) . 
Porella cordeana
A A Potamogeton acutifolius A Potamogeton berchtoldii C B C Potamogeton crispus C C C Potamogeton friesii B B C Potamogeton gramineus A A Potamogeton lucens C C A Potamogeton lucens x natans C B Potamogeton lucens x perfoliatus C B Potamogeton natans C B B Potamogeton natans x nodosus C B B Potamogeton nodosus C C B Potamogeton pectinatus C C C Potamogeton perfoliatus C B A Potamogeton polygonifolius A A
Conclusions
Reference Index, biological macrophyte-based method for assessing ecological status of rivers was applied and adapted in Bulgaria on 73 sites during 2009. Ninety-five aquatic plant species were registered, among them 54 Reference Index species representing type specific groups. Additional verification of RI was done on dataset for 178 sites. The proposed list of indicators includes 126 aquatic plant taxa from the original RI indicator list, regrouped towards 3 main groups of river types in Bulgaria, and 9 new indicators. Index limits of RI for attribution of the ecological status class are also adapted in relation to local river types.
The implementation of RI in Bulgaria can still be improved. First of all the number of indicator species has to be increased and the taxa list to be specified by identifying species accurate indicators of the peculiar ecological status of the aquatic environment. This can be achieved only through an extensive and detailed census of all flora linked to the rivers and correlating these results with data obtained through a high number of physico-chemical and biological metrics.
